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DEVELOPMENT OF A TEST BATTERY TO ASSESS MENTAL FLEXIBILITY BASED ON
STERNBERG’S THEORY OF SUCCESSFUL INTELLIGENCE

EXECUTIVE SUMMARY

Research Requirement:

The primary purpose of this investigation is to develop and evaluate a test battery that
assesses mental flexibility based on the theory of successful intelligence (Sternberg, 1985). Mental
flexibility is defined as the ability to cope with novelty and establish automatized levels of
information processing. This research simultaneously provides a means for assessing mental
flexibility and validating the experiential subtheory of the theory of successful intelligence.

Procedure:

Five new mental flexibility assessment instruments were developed and underwent
formative and summative evaluation. An initial item pool for each mental flexibility test was first
developed and reviewed. Initial tests were piloted via a combination of paper-and-pencil and
computerized on-site administration to a sample of college undergraduates. The pilot data were
analyzed and revised accordingly. A revised and expanded mental flexibility battery and
validation measures were administered to a larger sample of college undergraduates and analyzed.

Findings:

The newly developed mental flexibility tests showed adequate reliability, and preliminary
evidence of construct- and criterion-related validity as measures of the ability to cope with
novelty. One mental flexibility factor explained 70% of variance in the test battery and was
differentiated from the latent factor underlying divergent and convergent measures of fluid
intelligence. Preliminary evidence of incremental criterion-related validity was found, suggesting
that the mental flexibility test battery explains variance above and beyond divergent and
convergent measures of fluid intelligence in criterion measures. Newly developed mental
flexibility tests showed a consistent and strong pattern of association with measures of pattern
recognition, suggesting it may be an important predictor of mental flexibility.

Utilization and Dissemination of Findings:

Findings suggest that the newly developed test battery may measure flexible cognitive
ability outside the framework used by conventional tests of fluid intelligence, supporting the
validity of the experiential subtheory of successful intelligence. The mental flexibility test battery
developed for purposes of this researc represents an initial stage in the development of a test
battery that could potentially be used for selection and placement in educational and occupational
settings. Given the importance of mental flexibility in a rapidly changing world, and the fact that it
is not currently assessed within the framework of conventional psychometric tests, these tests
seems to have practical utility as well as theoretical justification.
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INTRODUCTION

Given the rapid rate of technological advancement and the increase in social complexity
brought about by globalization, military leaders must deal with more novelty and change than
ever before. In this environment, problems and situations can fundamentally differ from those
experienced in the past, and traditional approaches to problem solving based on lessons learned
from experience and training do not readily apply. To be effective, military leaders must possess
and develop the ability to think about problems and situations in new ways in real time. In
particular, they must develop the capacity to shift paradigms or “think outside the box™ and
restructure problems so that useful and adaptive solutions can be found.

It is difficult to account for the ability to think flexibly solely in terms of conventional
conceptions of intelligence. Although many different definitions of intelligence have been
proposed over the years (see, €.g., “Intelligence and its measurement: A symposium,” 1921;
Sternberg & Detterman, 1986), the conventional notion is built around a loosely consensual
definition of intelligence in terms of generalized adaptation to the environment. Some theories of
intelligence extend this definition by suggesting that there is a general factor of intelligence,
often labeled g, which underlies all adaptive behavior (Brand, 1996; Jensen, 1998; see essays in
Sternberg & Grigorenko, 1997. In many theories, including the theories most widely accepted
today (e.g., Carroll, 1993; Gustafsson, 1994; Horn, 1989, other mental abilities are hierarchically
nested under this general factor at successively greater levels of specificity. For example, Carroll
has suggested that three levels can nicely capture the hierarchy of abilities, whereas Cattell
(1971) and Vernon (1971) suggested two levels were especially important. According to Cattell,
nested under general ability are fluid abilities of the kind needed to solve abstract reasoning
problems such as figural matrices or series completions and crystallized abilities of the kind
needed to solve problems of vocabulary and general information. According to Vernon, the two
levels corresponded to verbal—educational and practical-mechanical abilities. These theories, and
others like them, are described in more detail elsewhere (Brody, 2000; Carroll, 1993; Embretson
& McCollam, 2000; Herrnstein & Murray, 1994; Jensen, 1998).

Sternberg’s theory of successful intelligence (1983, 1985, 1988) and its three subtheories
on the componential level, the experiential level, and the contextual level represent a broader
conceptualization of intelligence than is provided by traditional approaches. Assessment
procedures that are based on conventional theories do not represent adequate indicators for the
ability to deal with novelty, to adjust to changes, and to break out of routine ways of thinking
when necessary. Therefore, it can be claimed that test scores on traditional intelligence test
procedures, by neglecting the aspect of mental flexibility, are limited in their power to predict a
person’s capacity to deal effectively within an environment in a rapidly changing world. The
theory of successful intelligence provides an expanded conceptual framework for assessing
mental flexibility, which has the potential to predict to a greater extent the capacity to cope with

novelty.




Purpose

The purpose of this project was to develop a new assessment instrument based on the
theory of successful intelligence to measure mental flexibility. Broadly speaking, the concept of
successful intelligence recognizes that social and culture factors in an environment and multiple
personal capabilities ultimately determine success. This conception stands in contrast to
traditional views of intelligence, which posit a single personal capability that determines success
across performance situations. Successful intelligence is the balancing of analytical, creative, and
practical abilities to achieve success in a particular setting. In other words, success within a
particular socio-cultural context is determined by one’s ability to capitalize on one’s strengths
and compensate for one’s weaknesses to enact strategies for achieving success.

Mental flexibility, as we conceptualize it, is a part of creative thinking, but not the only
part. Aspects of personality (e.g., openness to experience, need for cognition) and motivation
(e.g., goal orientation) also contribute to creative thinking. As a sub-construct, mental flexibility
manifests itself at every level of the theory of successful intelligence (componential, experiential,
and contextual). Accordingly, we have created a multifaceted test of flexible thinking derived
from the theory to measure how well one can apply the components of intelligence to relatively
novel tasks and situations. Given the importance of flexibility in a rapidly changing world, and
the fact that mental flexibility is not currently assessed within the framework of conventional
psychometric tests (Sternberg, 1981), such a test seems to have practical utility as well as
theoretical justification.

A more general goal of this project was to gain further insight into the construct validity
of the theory of successful intelligence. The ability to deal with novelty is captured primarily
within the experiential subtheory. However, the componential subtheory specifies information-
processing components and the contextual subtheory specifies behavioral strategies (adapt,
shape, and select) that play an important role in mentally flexible behavior. This research has
been designed to further our understanding of mental processes that underlie effectively dealing
with novelty within the framework of successful intelligence.

In this investigation, pattern recognition also is examined as an alternative framework for
understanding the information-processing components that give rise to flexible thinking. Pattern
recognition is defined here as a dynamic cognitive process of connecting cues to form
meaningful configurations (patterns) in a given context (Margolis, 1987). Measures of pattern
recognition have been shown to be associated with fluid thinking (Bal, 1988; Witkin, Oltman,

Raskin, & Karp, 2002).
BACKGROUND

Traditional Approaches

Examining the link between coping with novel kinds of tasks or situations and
intelligence is not new. Psychometric tests of intelligence often include items that measure a
person’s ability to cope with novelty. Spearman’s (1923, 1927) factor analytic approach places
coping with novelty squarely in the general factor of intelligence or g. Spearman postulated three




qualitative cognitive principles—apprehension of experience, education of relations, and
education of correlates—to account for g. Apprehension of experience involves the ability to
recognize attributes of objects and ideas. Education of relations (abstract reasoning) involves the
ability to infer relations between two or more objects and ideas, and education of correlates
(analogic reasoning) involves the ability to link objects or ideas with a relation. The ability to
cope with novelty places emphasis on the latter two principles, education of relations and
education of correlates.

Guilford’s (1956, 1967, 1982, 1985) structure of intellect (SOI) model classifies
intellectual functioning in terms of operations, contents, and products. According to this
framework, flexible thinking can be linked to two types of productive-thinking operations,
through which new information is generated from known and remembered information. The first
are divergent-thinking operations, which involve thinking in different directions, sometimes
searching, sometimes seeking variety, as with trial-and-error thinking. The second are
convergent-thinking operations, which involve integrating information to find one right answer.

Cattell and Horn (Cattell, 1963; Horn & Cattell, 1967) organized abilities according to a
hierarchical structure and divided g into fluid intelligence (gf) and crystallized intelligence (gc).
Fluid intelligence has been predominantly associated with reasoning, whereas crystallized
intelligence has been predominantly associated with knowledge (Horn, 1988). Within this
framework, coping with novelty is part of fluid intelligence.

The Berlin Intelligence Model (Jager, 1982, 1984) represents an attempt to integrate
several models of intelligence. It is a faceted model with a content facet for verbal, numerical,
and figural abilities that is differentiated from an operation facet for processing speed, memory,
creativity, and processing capacity, resulting in two facets that form 12 “structuples” (4
operations x 3 contents). Within this framework, coping with novelty would involve creativity
operations, which are measured in three types of content (figural, numerical, and verbal), and
processing capacity. Creativity operations have been shown to be moderately related to fluid
intelligence and to have a stronger relationship with fluid as compared to crystallized
intelligence. Processing capacity, which is very close to reasoning, has been shown to be
strongly related to fluid intelligence (Beauducel & Kersting, 2002).

Intelligence tests have been subject to heavy criticism because of their lack of precision
in predicting educational and occupational success (e.g., Sternberg, 1981; Sternberg & Williams,
1997). Despite the fact that intelligence tests include measures of flexible thinking, these tests
fall short in predicting real-world manifestations of mental flexibility or creativity. One attempt
to overcome the failure of intelligence tests to explain individual differences in cognitive task
performance on such tests as the Embedded Figures Test (EFT) (Witkin et al., 1971) or the Rod
and Frame Test (RFT) (Witkin, Dyk, Faterson, Goodenough, & Karp, 1962) is the concept of
Field dependence-independence (Witkin, 1975). Witkin et al. (2002) suggest that the field
dependence/independence dimension of the Group Embedded Figures Test is the same as the
adaptive flexibility dimension of Guilford and his associates (1952, 1955a, 1955b, 1957) and the
flexibility of closure dimension of Thurstone (1944). Witkin claimed that it was identical with
one of the three main factors of the Wechsler that is centered on Block Design, Object Assembly,
and Picture Completion (Witkin, 1973). Field independence may be at least in part a “fluid




ability” as defined by Cattell (1963) but it also may be an indicator of other aspects of
intellectual functioning (Grigorenko & Sternberg, 1995). The role of field independence,
specifically, and pattern recognition, broadly, in flexible thinking is still not well understood.

Sternberg’s theory of successful intelligence provides a more developed theoretical
framework as compared with traditional theories. When used as a basis for test development, the
theory of successful intelligence has been shown to have incremental criterion-related validity

(Sternberg, 1999).

Successful Intelligence

The theory of successful intelligence specifies the kinds of broad abilities (analytical,
creative, and practical) that play a role in achieving success, the cognitive processes required to
apply these abilities, and the problem-solving strategies to achieve success. The theory
recognizes a dynamic aspect of successful performance—that success requires not simply
applying acquired knowledge, but also coping with novelty and transforming novel experiences
into automatic information processing.

Successful intelligence is conceptualized in the form of three subtheories: componential,
experiential, and contextual. With regard to mental flexibility, the componential subtheory
focuses on the flexible interaction of cognitive components as the elementary and universal units
of information processing. The experiential subtheory focuses on the flexible application of
information-processing components in novel situations. The contextual subtheory focuses on the
flexible application of strategies for success in novel environments.

The theory of successful intelligence differs somewhat from conventional theories of
intelligence in its conceptualization of what mental flexibility is and where mental flexibility
belongs in a theory of intelligence. We have used all of the various elements of mental flexibility
in different aspects of our own research investigating creative intelligence (e.g., Sternberg, 1981,
1982; Tetewsky & Sternberg, 1986). Within this framework, mental flexibility links creative
intelligence to the experiential subtheory. Creative intelligence allows the individual to apply
information-processing components to generate novel and interesting ideas or to build on novel
concepts. Mental flexibility is the capacity to apply creative intelligence to novel experience.
Creative intelligence is involved when the components of intelligence are applied to integrating
seemingly disparate pieces of information in unusual ways. It typically is involved when
components are applied to generating novel and interesting ideas or to build on novel concepts.
According to the theory of successful intelligence, creative intelligence is particularly well
measured by problems assessing how well an individual can cope with relative novelty to
employ convergent or divergent thinking. In some of their componential work, Sternberg and his
colleagues (Sternberg & Gardner, 1982, 1983; Sternberg & Gastel, 1989a, 1989b, 1989c, 1989d)
have shown that when one goes beyond the range of novelty present in the items of conventional
tests of intelligence, one starts to tap sources of individual differences measured little or not at all
by such tests. Thus, when assessing intelligence, it is important to include in a battery of tests
problems that are relatively novel in nature. These problems can be either convergent or
divergent in nature. Convergent problems are of particular interest here because they represent
the aspect of creativity that this proposal focuses on: flexibility in thinking.




In work with convergent problems, Sternberg and his colleagues presented 80 individuals
with novel kinds of reasoning problems that had a single best answer. For example, they might
be told that some objects are green and others blue; but still other objects might be grue, meaning
green until the year 2000 and blue thereafter, or bleen, meaning blue until the year 2000 and
green thereafter. Or they might be told of four kinds of people on the planet Kyron: blens, who
are born young and die young; kwefs, who are born old and die old; balts, who are born young
and die old; and prosses, who are born old and die young (Sternberg, 1982; Tetewsky &
Sternberg, 1986). Their task was to predict future states from past states, given incomplete
information. In another set of studies, 60 people were given more conventional kinds of
inductive reasoning problems, such as analogies, series completions, and classifications, and told
to solve them. But the problems had premises preceding them that were either conventional
(dancers wear shoes) or novel (dancers eat shoes). The participants had to solve the problems as
though the counterfactuals were true (Sternberg & Gastel, 1989a, 1989b).

In these studies, Sternberg and his colleagues found that correlations with conventional
kinds of tests depended on how novel the conventional tests were. The more novel the items on
the conventional tests, the higher the correlations with our tests. Thus, the components isolated
for relatively novel items would tend to correlate more highly with more unusual tests of fluid
abilities (e.g., that of Cattell & Cattell, 1963) than with tests of crystallized abilities. In other
words, the more tests of both kinds measure flexible thinking, the more highly they correlate
with each other. Sternberg and his colleagues also found that when response times on the
relatively novel problems were componentially analyzed, some components better measured the
creative aspect of intelligence than did others. For example, in the “grue-bleen” task mentioned
above, the performance component requiring people to switch from conventional green—blue
thinking to grue-bleen thinking and then back to green—blue thinking again was a particularly
good measure of the ability to cope flexibly with novelty.

In work with divergent reasoning problems that have no one best answer, the
investigators asked 63 people to create various kinds of products (Lubart & Sternberg, 1995;
Sternberg & Lubart, 1991, 1995, 1996) where an infinite variety of responses was possible.
Individuals were asked to create products in the realms of writing, art, advertising, and science.
In writing, they were asked to write very short stories for which the investigators would give
them a choice of titles, such as “Beyond the Edge” or “The Octopus’s Sneakers.” In art, the
participants were asked to produce art compositions with titles such as “The Beginning of Time”
or “Earth from an Insect’s Point of View.” In advertising, they were asked to produce
advertisements for products such as a brand of bow tie or a brand of doorknob. In science, they
were asked to solve problems such as one asking how people might detect extraterrestrial aliens
among us who are seeking to escape detection. Participants created two types of products in each

domain.

Sternberg and Lubart found, first, that creativity is composed of the elements proposed by
their investment model of creativity: intelligence, knowledge, thinking styles, personality, and
motivation. Second, they found that creativity is relatively, although not wholly, domain specific.
Correlations of ratings of the creative quality of the products across domains were lower than
correlations of ratings within domains and generally were at about the 0.4 level. Thus, there was
some degree of relation across domains; at the same time there was plenty of room for someone




to be strong in one or more domains but not in others. Third, Sternberg and Lubart found a range
of correlations of measures of creative performance with conventional tests of abilities. As was
the case for the correlations obtained with convergent problems, correlations were higher to the
extent that problems on the conventional tests were non-entrenched. For example, correlations
were higher with fluid than with crystallized ability tests, and correlations were higher the more
novel the fluid test was. These results suggest that tests of creative intelligence have some
overlap with conventional tests (e.g., in requiring verbal skills or the ability to analyze one’s own
ideas—Sternberg & Lubart, 1995) but also tap skills beyond those measured even by relatively
novel kinds of items on conventional tests of intelligence.

FRAMEWORK FOR TEST DEVELOPMENT

According to the theoretical assumptions of the theory of successful intelligence, mental
flexibility reflects the ability to deal with novelty and to establish automatized levels of
information processing. To assess this ability, we used an assessment approach that belongs to
the category of dynamic testing. In contrast to static measures that depend on prior knowledge or
skill acquisition, dynamic testing involves procedures designed to assess the test-taker’s ability
to adapt or modify his or her performance in the testing session (Embretson & Prenovost, 2000).
As has been shown in other areas (e.g., for the assessment of learning ability, see Guthke &
Beckmann, 2000, 2003), this diagnostic approach represents a more appropriate way to assess
intellectual abilities such as mental flexibility. In contrast to traditional approaches, the focus
here is on the person’s ability to deal with standardized variations of test conditions. There are
two contemporary trends that characterize the dynamic testing approach. The first trend pertains
to assessing responsiveness to intervening conditions in the testing session. The second,
employed here, assesses response time or efficiency in cognitive processing.

According to the theory of successful intelligence, mental flexibility should be
manifested at every level of the theory. In other words, mental flexibility as an ability construct
needs to be indicated within every subtheory. On the experiential level, mental flexibility is
defined as the ability to effectively cope or deal with novelty and to establish automatized levels
of processing. Therefore, flexible use of information processing components (performance
components, knowledge-acquisition components, and metacomponents), as they are defined
within the componential subtheory, is necessary. On the contextual level, strategies (adapt,
shape, select) must be flexibly applied to successfully manage one’s environment. The ability to
perceive novel aspects of a given environment, analyze observations from novel perspectives,
generate novel and useful solutions to problems in situations, and use novel strategies in these
environments requires mental flexibility. Figure 1 illustrates the relation of mental flexibility to
subtheories specified by the theory of successful intelligence.




Figure 1: Mental flexibility and subtheories of successful intelligence.

Mental flexibility tests were designed to be consistent with each subtheory of successful
intelligence. At the componential level, the capacity for flexible “inference” and “mapping” were
expected to be of special relevance. Accordingly, tests were developed to measure flexible
inference and flexible mapping of performance components using a dynamic testing approach.
With dynamic testing procedures, experimentally controlled variations in test conditions and
systematic assessment during the course of a test provide a more sensitive measure of intra-
individual variability than do traditional test procedures. To assess flexible application of
performance components, items quite similar to those used in traditional reasoning tests were
developed using classification and analogy paradigms in multiple content domains (verbal,

numerical, and figural).

Classification problems were designed to assess task performance in a context where
frames of reference were manipulated, which requires test takers to shift their mindset, and/or
inhibit the mental set evoked by a previous task. The classification task is to infer different
relations between stimuli, balanced over three domains: verbal, numerical, and figural, within a
constant set of stimuli. Although the set remains constant, arrangements of stimuli and rules
governing their relationship vary. The focus of this test is the ability to flexibly infer relations

between the stimuli in the given set.

Analogy problems were designed to assess task performance in a context and inferred
rules must be applied to different domains. In traditional analogies tasks, the relation between the
elements of the analogy stem has to be inferred, and the rule has to be mapped to other elements
in the same domain. In our novel tasks, we broaden the mapping distance by introducing a
domain switch within the same analogy. Our goal is to create an indicator of the ability to bridge
different mapping distances. The focus here is on the ability to map flexibly.




At the experiential level of assessment, the capacity to work with changing assumptions
was expected to be relevant to mental flexibility. Two types of tests were developed for this
purpose, analogy and insight. In regard to analogies, two tests of counterfactual analogies were
developed in verbal and figural domains, in which premises were manipulated to measure the
test takers’ ability to shift between familiar and novel premises to solve items on the test. With
regard to insight, a test of mind puzzles in verbal, numerical, and figural domains was developed
to test novel reasoning, or the capacity to restructure the elements of a problem to find a fitting

solution.

Reproductions of visual images from paintings, drawings, and photographs were used to
design a classification test within the framework of the contextual subtheory. It was expected
that novel natural images provide stimuli that are contextually rich and ecologically valid. The
test measures the ability to recognize the relationship among art images and appropriately use
different strategies (adapt, shape, and select) based on the perceived nature of the relationship.

Test Format

Our theory-based mental flexibility test battery has been designed to be multifaceted, to
provide multiple measures of performance, and to be practical to administer. Pilot data exist for
all item types. Items cover verbal, numerical, and figural domains to ensure that measures are not
confounded by any one domain. Tests in the battery were designed to be relatively resistant to
the differential effects of previous experience. The vast majority of tests are multiple-choice,
with the exception of the Insight test, which has an open-response format.

The test battery can be administered via computer for ease and standardization of
conditions and data entry and processing. Each test is scored for average response time and
response accuracy. Paper-and-pencil administration also is possible but with the obvious
limitation to accuracy scoring. Administration of the full test battery varies but takes on average
1.5 to 2 hours. The test battery is suitable for adults in the normal to superior range of abilities.

Predictions

Our general expectation is that the intra-individual variability in performance scores on
the full test battery will be indicative of people’s ability to use their cognitive resources flexibly.
Our research design varies item sequence and presentation mode. We expect that total scores on
test performance will reflect the ability to cope with novelty introduced by test procedure as well

as test content.

Conventional divergent and convergent tests of fluid ability were selected to establish
convergent and discriminant validity. Scores on a test of mental flexibility are expected to be
related to these tests but not strongly. The test battery is expected to provide incremental
prediction of success criteria beyond these conventional tests.

Selected tests of pattern recognition were examined as predictors of mental flexibility test
performance. This aspect of the research is exploratory and is expected to shed light on its
relation to mental flexibility.




TEST DEVELOPMENT
Overview

Six tests were developed to assess aspects of mental flexibility according to three
subtheories (componential, experiential, and contextual) of the theory of successful intelligence.
Flexible Inference and Flexible Mapping tests were developed consistent with the componential
subtheory such that components or elements of an object or concept are altered and the test taker
must modify inferences and analogies accordingly. Counterfactual Analogies—Figural,
Counterfactual Analogies—Verbal, and Insight tests assess the capacity to respond to novelty at a
more complex level of cognition consistent with the experiential subtheory such that problems
are presented to solve that contain unfamiliar or counterintuitive assumptions. FlexArt was
designed to employ a more complex stimulus that more closely simulates the complexity of
everyday life experience and, consequently, requires the practical processing consistent with the
contextual subtheory. It was designed with more natural concepts in the form of a multifaceted
stimulus that favors analysis from versatile perspectives.

The tests are described below. All tests underwent initial pre-pilot testing and review.
Final test versions, along with answer keys and scoring rubrics, can be found in a test manual

supplement to this report.

Flexible Inference

We developed a test procedure where classification items containing the same set of
stimuli but in different arrangements are presented so that different relations have to be inferred
and different rules have to be applied to find the correct answer to seemingly identical problems.
Traditional-type analogy test items were used as a springboard for item generation. Two
researchers adapted and modified items to represent different relations as illustrated below. Items
underwent an iterative process of generation, analysis, piloting, and review by four members of
the research team to ensure they conformed to the conceptual structure of the test.

Instructions were as follows:

Select the pair of answer choices that constitutes the best match to the
target on the left side, based on their common properties.

Illustrative examples and practice questions were provided at the beginning of the test.
Figure 2 gives an example for an item using shapes for a classification task. Here, the

participant must select the pair of answer choices that constitutes the best match to the target on
the left side, based on their common properties.
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Figure 2. Example of a classification task created for the Flexible Inference test (part 1 of the
given item triplet).

*

The correct answer to this item would be the upper left pair, referring to the overall shape
the elements of this pair have in common with the target on the left. This paradigm, which is
typically used to assess fluid intelligence, was adapted to test mental flexibility. The participant
is next presented with the same target (on the left side of the screen) and even with the same set
of stimuli on the right side, but which are now rearranged (see Figure 3). Because the rule of
inference used for the previous problem (star-shape) is no longer valid, to find the correct
solution the participant must attend to other characteristics of the target stimulus. Now,
consideration of the number of attributes (dots, spikes, or rays) will lead to the correct answer in

this item (lower left pair).
= O d
| | |

Figure 3. Example of a classification task created for the Flexible Inference test (part 2 of the
given item triplet).

In the third part of the task (all items are presented in item triplets), the shapes are then
presented in yet another arrangement. The previously inferred rules must be inhibited and the
participant once again must infer the relationship that links the target together with one of the

pairs of answer choices (see Figure 3).
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Figure 4. Example of a classification task created for the Flexible Inference test (part 3 of the
given item triplet).

In this example (Figure 4), the correct answer would be the upper right pair, because of
the solidness the target has in common with the elements of this pair.

All items in the Flexible Inference test are thus arranged in item triplets. The stimuli fall
into one of three categories, figural (as in this example), numbers, or words, to balance out
potential domain-related variance in dealing with classification problems. To be successful on
these items, flexible use of different frames of reference for familiar stimuli is necessary. The
ability to inhibit experience gained on previous items is the prerequisite for using different
cognitive approaches to the same set of stimuli. It is expected that the intra-individual variability
in performance scores within each item triplet will be indicative of the person’s ability to use his

or her cognitive resources flexibly.

Our approach is based on the assumption that we can use the performance differences
between two different item classes we have combined in the test. In the Flexible Inference test,
items that ask for the inference of domain-typical classification rules (e.g., focusing on numerical
characteristics in numbers) represent one class. Items that require the inference of classification
rules based on domain-atypical characteristics of the stimuli (e.g., number of vowels in words)
represent the other item class. Every item triplet consists of items from each class.

In the case of the classification tasks (Flexible Inference), we can assume that it is harder
to find domain-atypical than domain-typical classification rules. We also expect that it will be
more difficult to identify rules when an item (as a part of an item triplet) is preceded by another
item using the same target and set of stimuli in which domain-typical characteristics were
relevant for its solution. In other words, the unfamiliarity or novelty effect (domain-atypical
characteristics) will be complemented by a transition effect caused by the inhibition costs for

previous perspectives on the same set of stimuli.

In terms of a componential analysis of the task requirements to solve classification
problems in the Flexible Inference tests, one needs to:

e encode the terms (number, figures, words).
e infer the relation between the two terms in each pair. (What do they have in common?
Does this make them a unique pair in comparison to the others?)
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e map this relation onto the set of characteristics of the target encoded. (Is this
uniqueness—higher-order differences—of the given pair relevant to the target?)
decide on this basis to which of the pairs the target belongs.

e apply what has been learned.

Because the second appearance of the target (and the same set of stimuli) does not
necessarily require a renewed encoding process, the problem-solving process should start at the
point where the relations between the newly paired elements begin. Here participants must
inhibit former experience (previous inferred relations) and switch their focus of attention to
different characteristics. In other words, the problem solver needs to change his or her frame of
reference. A person’s susceptibility to interference would lead to difficulties in seeing the target
and/or the elements of the pairs from a different perspective, which can be seen as an indicator of

a lack of mental flexibility

For Flexible Inference, we created an initial item pool of 135 items. Because each item
cannot be administered to every participant, the whole item pool was divided into three subsets;
thus each participant tackles 45 items, which are organized into 15 item triplets. For each domain
there are five item triplets to work on. It can be assumed that it is harder to find domain-atypical
classification rules. Looking for domain-atypical characteristics might not be in accordance with
the mindset triggered by the experience on the previous problem. It is expected that the
identification of domain-atypical rules will be even harder if the item (as a part of an item triplet)
is preceded by an item using the same target and set of stimuli in which domain-typical
characteristics were relevant for solution. In other words, the unfamiliarity or novelty effect
associated with the domain-atypical item triplet part might be complemented by a transition
effect caused by the inhibition costs for previous perspectives on the same set of stimuli
employed to infer domain-typical rules, as is usually expected. To test this assumption, we
contrasted the effects of different presentation orders of the parts of each item triplet (e.g.,
atypical-typical-atypical vs. typical-atypical-atypical, etc.).

Because we are interested in finding indicators of the ability to switch frame of reference,
the primary goal of this experimental variation of test conditions was to find the particular item-
part order that causes the most transition costs. This would allow us to create test conditions that
induce the maximal inter-individual variability in coping with the requirement to switch the
frame of reference. To test these assumptions regarding potential effects of different intra-item
triplet orders, the participants were assigned to one of three item-pool subsets and to one of six
intra-item triplet order groups as well, for a total of 18 different experimental groups.

Table 1 gives an overview of the different conditions under which the Flexible Inference
test was administered. The markings represent the set of items a given participant deals with if
assigned to the condition of intra-item triplet order “typical-atypical-atypical” and item-subset
B, which means item triplets with the numbers 5 to 10.




Table 1
Design of Different Testing Conditions for the Test Flexible Inference

| Item Pool Subset

Domain Intra-item Triplet Order
domain typical A (item triplet 1 to 5)
domain atypicall B (item triplet 5 to 10)
domain atypical2 C (item triplet 11 to 15)
domain typical A (item triplet 1 to 5)
domain atypical2 B (item triplet S to 10)
domain atypicall C (item triplet 11 to 15)
domain atypicall A (item triplet 1 to 5)
domain typical B (item triplet 5 to 10)
Numerical domain atypical2 C (item triplet 11 to 15)
domain atypicall A (item triplet 1 to 5)
domain atypical2 B (item triplet S to 10)
domain typical C (item triplet 11 to 15)
domain atypical2 A (item triplet 1 to 5)
domain typical B (item triplet S to 10)
domain atypicall C (item triplet 11 to 15)
domain atypical2 A (item triplet 1 to 5)
domain atypicall B (item triplet 5 to 10)
domain typical C (item triplet 11 to 15)
domain typical A (item triplet 1 to 5)
domain atypicall B (item triplet 5 to 10)
domain atypical2 ['C (item triplet 11 to 15)
Verbal
domain atypical2 A (item triplet 1 to 5)
domain atypicall B (item triplet 5 to 10)
domain typical C (item triplet 11 to 15)
domain typical A (item triplet 1 to 5)
domain atypicall B (item triplet S to 10)
domain atypical2 C (item triplet 11 to 15)
Shape
domain atypical2 A (item triplet 1 to 5)
domain atypicall B (item triplet 5 to 10)
domain typical C (item triplet 11 to 15)
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When taking the test, participants are presented first with an analogy to observe at their
own pace. When the participant chooses, he or she selects the next screen, on which the analogy
appears with a prompt and response options. Test item scores were number of correct responses
per triplet. Latencies were determined by reaction time to respond to the prompt on the second

screen.

Flexible Mapping

An approach similar to the Flexible Inference test was used for another mental flexibility
test that focuses on “mapping” as a performance component within the componential subtheory.
With the use of analogy problems, we sought to gain information about a person’s ability to
apply a previously inferred rule across different situations. We utilized the same procedure for
item generation. Test instructions were as follows:

In the following section you will be presented with two shapes (words
or numbers). Based on the relationship between the two words, you will
be asked to find the best match for the verbal, shape or numerical item
from the answer choices.

Sample and practice items were provided at the beginning of the test. Scoring procedures
were consistent with the Flexible Inference test.

As in the Flexible Inference test, all items were organized in item triplets. The first part of
a given item triplet represents a traditional analogy: A relation between the elements of the
analogy stem must be inferred, and a rule based on this relation must be applied to complete the
analogy. In traditional analogies, the rule must be mapped to other elements from the same
domain (see Figure 5a). In our novel tasks, however, we tried to broaden the mapping distance
by introducing domain switches within each of the analogy item triplets. For instance, the
relation between two numbers (e.g., 88 and 22) must be inferred (the latter is a fourth of the
former) and mapped onto another domain so that the same relation between two words (see
Figure 5b), or two shapes (see Figure 5c¢) will complete the analogy correctly.
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Figure 5. Example of an analogy task created for the Flexible Mapping test (a—c: part 1 to 3 of
the item triplet).

If the rule is inferred correctly, the participant will recognize that the second term in the
analogy stem is one-fourth of the first term. Mapping the rule onto the verbal domain will lead
the participant to choose “GRANDMA” because a grandmother is one of four grandparents (see
Figure 5b). Mapping onto the shape domain (as required in the third part of the item triplet)
should result in choosing the third answer option. Here the single solid triangle represents one-
fourth of the shape given (see Figure 5c¢). S

The purpose of this procedure is to obtain an indicator of a person’s ability to bridge
different mapping distances. Whereas the new classification tasks (Flexible Inference) focus on
the ability to infer different relations flexibly, the focus in the analogy test (Flexible Mapping) is
on the ability to map rules flexibly.

Similar to Flexible Inference (see classification problems), the item pool for Flexible
Mapping also consists of two different classes of items. In Flexible Mapping we have domain-
homogeneous items, where no domain switch is required within the given analogy, and domain-
heterogeneous items, where the domain of the analogy stem is different from that of the
application field. Both classes of items are represented in each item triplet. Because of the wider
mapping distance to be bridged in mapping items, these items are expected to be harder
(mapping costs). A person’s variability in performance (within each item triplet) will be an
indicator for the disturbance the domain shift causes individually. Our general expectation is that
the specific procedure we have deployed in both tests, Flexible Mapping and Flexible Inference,
will cause inter-individual differences in levels of intra-individual variability in performance on
items from different classes.

In terms of a componential analysis of the task requirements to solve analogy problems
(of the type: A : B :: C: ?) in the Flexible Mapping tests, one needs to:

e encode the characteristics of the terms given in the analogy stem (A and B);

e infer the relation between the two first terms (A : B);
e map the inferred relation between the first two to the third term (C);
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e recognize a “meta-relation” that relates the first two terms to the third term;

e apply the rule to the third term to produce the missing fourth one (D); and finally, under
the condition of multiple choice, one needs to

e justify the decision about which answer option completes the analogy according to the
rule applied.

In the Flexible Mapping test, the analogy stem (A and B) remains the same within each
item triplet. Neither the encoding nor the inference process is required in the second or third
appearance of the analogy stem (terms A and B). A flexible use of resources should prevent
unnecessary problem-solving steps. Since the third element of the analogy in the mapping part of
the item triplets comes from another domain than the analogy stem, the mapping process is
expected to be more difficult. A more divergent and flexible reasoning process is required to
solve domain-heterogeneous as compared with domain-homogeneous (traditional) analogy
problems because of the need to map across domains. A representation of the relation to be
mapped on an abstract level facilitates the mapping process (e.g., a rule representation such as
22 is four times less than 88” is harder to map across domains than a rule represented as “22 is a
fourth of 88”). Difficulties in mapping an already inferred rule onto another situation (introduced
by a required domain switch) give evidence for a lack of mental flexibility.

For Flexible Mapping, we also created an initial item pool of 135 items. The same
segmentation procedure used in Flexible Inference was applied to this item pool, resulting in
three item-pool subsets (A, B, C). To create a test procedure that potentially causes the most
inter-individual variability in dealing with domain switches; two different presentation modes
were tested. In items presented in “sequential mode,” each item triplet part appears on a separate
screen. In items presented in “group mode,” the preceding part(s) of the given item triplet
remains on the screen after it has been answered (without indicating the answer chosen). The
underlying assumption here was that the visual availability of previous item triplet parts (same
analogy stem in different domain-related contexts) would either facilitate a more abstract
representation of the rule inferred, which would be beneficial to complete the second and third
part of the item triplet successfully, or would increase domain-switching costs, in case of a high
susceptibility toward mindsets induced by the first and domain-homogeneous part of the given
item-triplet.

To test these assumptions and to determine the test procedure in the final version of the
test, the following design was employed. One group of participants started with three item
triplets presented in group mode followed by another three item triplets presented in sequential
mode. This rule applied for each domain. The other group started with three item triplets
presented in sequential mode followed by another three item triplets in group mode. Because
there were only five item triplets for each domain in each item-pool subset, a randomly selected
item triplet from one of the other item pool subsets was added to this item-triplet block. Thus,
three item triplets were presented in one presentation mode and three item triplets in the other
mode. That means, for instance, a participant assigned to item pool subset B starts with item
triplets 6 to 8 presented in group mode (if also assigned to the group mode condition). Then item
triplets 9 and 10 are presented in sequential mode. To ensure that the number of item triplets
presented in sequential mode equaled the number of item triplets presented in group mode, in
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each domain, an additional item triplet (from item pool subset C, that is, item triplets 11 to 15) is
presented in sequential mode to this participant as well (see markings in Table 3).

In the Flexible Mapping test, each participant must evaluate 8 item triplets, six for each
domain. Because an additional systematic variation of the intra-item triplet order (homogeneous
- heterogeneous x > heterogeneous y vs. homogeneous => heterogeneous y - heterogeneous
x) was introduced to check for order effects, the total design for Flexible Mapping ended up with
a total of 12 different experimental groups to which the participants were randomly assigned.
Table 2 illustrates the administration design of the Flexible Mapping test applied to items in the
numerical domain. Analogous designs were applied to items in verbal and figural (“shape”)

domains.

Table 2
Administration Design for Flexible Mapping in Numerical Domain
Domain Presentation Intra-Item Item-Pool Subset
Mode Triplet Order

A (item triplet 1 to 5)
+ one item triplet out of subset B

B (item triplet 6 to 10)
+ one item triplet out of subset C

C (item triplet 11 to 15)

+ one item triplet out of subset A
A (item triplet 1 to 5)

+ one item triplet out of subset B
B (item triplet 6 to 10)

+ one item triplet out of subset C
C (item triplet 11 to 15)

+ one item triplet out of subset A
A (item triplet 1 to 5)

+ one item triplet out of subset B

B (item triplet 6 to 10)
+ one item triplet out of subset C

non-mapping
mapping onto verbal
mapping onto shape

3 item triplets in
group mode

9

3 item triplets in
sequential mode

non-mapping
mapping onto shape
mapping onto verbal

Numerical

non-mapping
mapping onto verbal
mapping onto shape

3 item tyi;lvlets(iin C (item triplet 11 to 15)
s_;quentla mode + one item triplet out of subset A

A (item triplet 1 to 5)

+ one item triplet out of subset B
B (item triplet 6 to 10)

+ one item triplet out of subset C

C (item triplet 11 to 15)
+ one item triplet out of subset A

3 item triplets in

group mode non-mapping
mapping onto shape
mapping onto verbal
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Counterfactual Analogies

Applying a scheme developed by Sternberg and Gastel (1989a, 1989b), analogy items
were developed in which an item stem is preceded by a premise that is either familiar or
counterfactual (novel), and either relevant or irrelevant. Items are equally divided among
familiar-relevant, familiar—irrelevant, counterfactual-relevant, and counterfactual—irrelevant
premise types. Two tests were developed, Counterfactual Analogies Figural and Counterfactual
Analogies Verbal. Instructions for the test were as follows:

For each question below, there are three shapes (words). The first pair of shapes (words)
goes together in a certain way. Your task is to choose the shape (word) that goes with the
third given shape (word), thus creating a second pair of shapes (words) in the same way
that the first pair goes together.

Each question has a “Pretend” statement. You must suppose that this statement is true.
Think of the statement, and then decide which shape (word) goes with the third shape
(word) in the same way that the first pair of shapes (words) goes together.

Illustrative examples and practice questions were provided for each test version.

The test presentation and scoring was similar to FI/FM. When taking the test, participants
are presented first with an analogy to observe at their own pace. When the participant chooses,
he or she selects the next screen, on which the analogy appears with a prompt and response
options. Sample questions and answers and practice questions are provided at the beginning of
the test. Test scores were number of correct responses. Latencies were determined by reaction
time to respond to the prompt on the second screen.

Counterfactual Analogies—Figural (CFAF)

For this test, 15 items were developed. Each item is preceded by a premise stating novel,
counterfactual statements.

Figure 6 shows an example item in which the number dimension needs to be ignored to
find the correct completion of the analogy, which is represented by answer option C.
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= [number is irrelevant]

[
A) ° B) C) D)

Figure 6. Example CFAF item.

The successful integration of novel and counterfactual information into routine ways of
reasoning leads in this paradigm to a reduction of the complexity of the analogy, because the
counterfactual premise always requires ignoring an otherwise solution-relevant dimension. The
successful use of redundancy is expected to distinguish mentally flexible participants from less
flexible ones. In this respect, mental flexibility is conceptualized as not necessarily dependent on
quantitatively higher levels of mental capacity. Mental flexibility also is expected to manifest
itself as the ability to use redundancy (pattern recognition) and to invest limited resources wisely.

Counterfactual Analogies—Verbal (CFAV)

Counterfactual Analogies—Verbal is another test that requires changing assumptions to
correctly solve analogy problems. Participants are presented with verbal analogies, each
preceded by premises. In some of the items, the premises are counterfactual (e.g., money falls off
trees). Participants must solve these analogies as though the counterfactual premises were true
(Marr & Sternberg, 1986; Sternberg et al., 1999, 2001). Other premises state familiar things (e.g.,
milk is liquid). In addition the relevancy of the premise to finding a solution is varied such that in
some cases the premise is required to find the correct solution and in other cases it is not. The
difference in performance on these two categories of items is expected to be indicative of a
person’s ability to integrate novel and unexpected information into the problem-solving process,
which is considered to be essential for mental flexibility. Scoring, however, aggregates
performance on both types of items taken together.

The item pool has been divided into 9 overlapping sets of 32 items. Each subset contains
8 items with familiar but irrelevant premises, 8 items premised with familiar statements relevant
to determining the correct completion of the analogy, 8 items that have novel but irrelevant
premises, and 8 items in which the premises state novel “facts” that need to be considered as true
to correctly complete the analogy (novel/relevant). Figure 7 gives examples for each of the four

categories.
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RELEVANCE
relevant irrelevant
Toothbrushes are made of ice. People drink gasoline.

N |[novel tool : toolbox :: toothbrush : ? tree : forest :: water : ?
8 freezer, garage, tool shed, bathroom boat, wood, fish, lake
E
L Pistols are weapons. Zebras live in Africa.
z familiar dagger : knife :: pistol : ? leopard : spot :: zebra : ?

outlaw, holster, gun, steel stripe, tail, hoof, mark

Figure 7. Categories of items in CFAV.

FlexArt Test

This measure of mental flexibility is designed within the framework of the contextual
subtheory. FlexArt was an ideological extension of the other proposed assessments of mental
flexibility at the experiential level. However, whereas tests validating the componential and
experiential subtheories presented participants with geometrical figures and verbal analogies, a
goal of FlexArt was to employ a more complex stimulus—more closely associated with the
everyday experience, and consequently, tapping into the practical processing aspect of the theory
of successful intelligence.

FlexArt stimuli were reproductions of paintings, drawings, and photographs. The
decision to employ two-dimensional art images in the test of mental flexibility had been dictated
by the following: a need to move from artificial problem-solving towards reasoning with more
natural concepts (external validity objective), and to present a multifaceted stimulus that favors
analysis from versatile perspectives (novel situation objective).

FlexArt lays its foundation in the omnipresence of visual images in the form of logos,
photographs, illustrations, or reproductions of traditional museum art. Designs rich in detail
serve a variety of communication and/or aesthetic functions, which are to be deciphered by their
viewers. Interpreting art requires attention to, for example, color, analogy, implicit or explicit
messages, etc. Changing criteria for “solving” an image forces viewers to move across the levels
of analysis in search of a proper interpretation. Thus, “reading” a visual design might be defined
as a type of common problem-solving activity. FlexArt capitalized on Robert L. Solso’s idea that
much of art has been purposely designed to generate a form of creative tension in the viewer that

“cries out for resolution” (2003, p. 237)

A research psychologist and undergraduate student intern selected images and developed
FlexArt test items. Items were designed to require respondents to apply the components of
successful intelligence—in particular mental flexibility—to classify pictures according to the
changing criteria. FlexArt asked questions about the interrelatedness among the art images and
the fit of other images within a discovered relationship. No previous experience with art was
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required for successful completion of the test. It was predicted that FlexArt would correlate with
other measures of mental flexibility and creativity and with participants’ grade point average.

In each of the 17 items developed for this test, participants are presented with a set of
three images of artwork. The task is to complete this set by selecting a fourth image. The
participant is requested to give a rating according to the goodness of fit for each of the three
answer options provided. In the case where there is no “excellent fit” among the answer options,
the participant must describe an image that would represent an excellent fit. In terms of
Sternberg’s contextual subtheory, the appropriate answer on the latter of these items can be
characterized as “shaping,” whereas the identification of the excellent fit among the answer
options refers to “adaptation.” Another category of items within this newly developed test is
represented by items where no common theme between the three art images can be inferred. The
expected appropriate answer to these items would be to move to the next item. In terms of
Sternberg’s contextual subtheory, these items require “selection” as an intelligent response.

It is expected that performance in this test will be indicative of a person’s ability to adapt
to, to select, and to shape the environment in novel situations, which refers to the three kinds of
strategies available for achieving success via the application of analytical, creative, and practical
abilities, as specified in Sternberg’s theory of successful intelligence (Sternberg, 1997). Samples
of test questions are displayed in Figures 8-10.

.........................

Which of the imuages below would fit in the collection of images above?
CGiive vour answer on the separate answer sheet provided.

B

A

Figure 8. Example of an “Adapt” item in FlexArt.

Note, The common theme in the upper set of items could be described as “floating.” Answer option A
would represent an excellent fit.
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Which of the images below would fit m the collection of images above?
Cave vour answer on the separate answer sheet provided

A

Figure 9. Example of a "Shape " in FlexArt.

Note. The common theme in the upper set of items could be described as “movement.” Since none of the
answer options A to C represent an excellent fit, the test taker is expected to describe an image that would
be an excellent fit.

Which of the images below would it in the cotlection of images above?
Liive vour answer on the separate answer sheet provided.

A B

Figure 10. Example of a “'Select” in FlexArt.

Note. There is no common theme in the upper set of items. The test taker is expected to choose the option
“next item” on the answer sheet.




FIELD TESTING
Investigation 1 Formative Evaluation
Purpose

The purpose of this investigation was to field test newly developed tests of mental
flexibility. Flexible Inference and Flexible Mapping tests underwent presentation mode, factorial
structure, and item analyses. Counterfactual Analogies-Figural, and Counterfactual Analogies—
Verbal tests were incomplete at the time of field testing for Investigation 1; full item analyses are
reported in Investigations 2 of this manuscript. The FlexArt test was not analyzed because of too

few participants.

As a first step, the original item pools for the Flexible Inference and Flexible Mapping
tests were screened by three cognitive psychologists and rated regarding classification scheme.
In pre-pilot work, the tests were administered to 25 participants to test the reliability of the
computer program, the comprehensibility of the instructions, and the screen design and interface.
Based on these data and the feedback received, the instruction phase was improved. After
revisions of the initial item pool for tests, they were field tested. The primary goals of these
investigations were to test the psychometric qualities of the items and to investigate the
dependency of the psychometric characteristics of the tests on the different experimental
conditions described previously and displayed in Tables 1 and 2. Based on the results obtained,
the item pool for each test was reduced and the final procedure for presenting the item triplets

was determined.

Method

Participants

A total of 314 underclassman from three universities in the Northeast and one in the
Northwest volunteered to participate in an investigation to evaluate newly developed mental
flexibility tests. Participants were recruited through fliers and e-mail announcements.
Participants were told the purpose of the research was to explore how we “think outside the box”
and they were paid $40 for participation in either a single 3 % hour testing session or two 1 /2
hour testing sessions. Demographic data were provided by 278 of the participants, of which 69%
(n = 193) were female and 31% (n = 85) male. The average age of participants was 19.9 years

old.

Reference Measures

Berlin Model of Intelligence Structure (BIS) (Jager, 1982, 1984). The BIS is a bimodal
hierarchical model for describing broad intellectual abilities in the framework of four operational
components (processing speed, memory, creativity, and processing capacity) and three content-
based components (figural, verbal, numerical). The combination of three content-based and four
operational components determines 12 facets of performance.




Eight timed subtests from the BIS4, the most recent version, were administered. Seven
content-based subtests (two figural, three numerical, and two verbal) from the creativity
operational component (ZF, OJ, ZG, DR, ZR, AM & MA, respectively) and one figural subtest
from the processing capacity operation component (BG) were administered. A description of
subtests can be seen in Appendix A.

The creativity operation component is defined as fluid, flexible, and original production
of ideas requiring the availability of diverse information, wealth of imagination, and ability to
see many different sides, variations, reasons, and possibilities in problem-oriented (not purely
imaginative) solutions. The processing capacity operational component is defined as the
processing of complex information in tasks that are not immediately solvable and that require
establishing diverse relations and using exact formal logical reasoning.

The BIS, which is available in German and has been translated into Brazilian Portuguese
(Kleine & Jager, 1987, 1989) and Chilean Spanish (Rosas, 1991), has shown differential as well
as predictive validity in other cultures and language environments (Bucik & Neubauer, 1996).
Processing speed has been shown to be related to fluid intelligence (Beauducel & Kersting,
2002). The eight selected subtests described above were translated from German into English for
purposes of this investigation. Two native German researchers, who were very familiar with the
BIS, together translated the selected BIS subtests into English. These translated tests were then
reviewed by three native English-speaking research assistants for feedback on meaning and
understanding. Translated tests were then modified accordingly.

French Kit of Factor-Referenced Cognitive Tests (F-Kit) Ekstrom, French, Harman, &
Dermen, 1976). This test battery is made up of a set of 72 marker tests for 23 cognitive aptitude
factors. Two timed subtests (Letter Sets Test—I-1 (rev.); Locations Test—I-2) of the three that
make up the Induction factor, one timed subtest (Toothpicks Test—XF-1) of the three that make
up the Flexibility (Figural) factor, and one timed subtest (Making Groups—XU-3) of the four that
make up the Flexibility of Use factor were administered. The induction factor is defined as
reasoning abilities involved in forming and trying out hypotheses that will fit a set of data. The
Flexibility (figural) factor is defined as the ability to change set in order to generate new and
different solutions to figural problems. The Flexibility of Use factor is defined as the mental set
necessary to think of different uses for objects. Adequate reliability and validity has been
reported in Ekstrom et al. (1976).

Cognitive Flexibility Scale (Martin & Rubin, 1995). This self-report survey measures
three components of cognitive flexibility including: (a) awareness of available options and
alternatives; (b) willingness to be flexible and adapt to situations, and (c) self-efficacy in being
flexible. The 12-item scale is made up of statements that respondents rate on a 6-point scale,
ranging from 1 (strongly disagree) to 6 (strongly agree). A sample item reads, “I can
communicate an idea in many different ways.” Adequate reliability has been reported. Construct
validity has been established in relation to communication competence and confidence,
assertiveness, and responsiveness (Martin & Anderson, 1998).

NEO-Personality Inventory Revised (Costa & McCrae, 1992). This personality survey
measures five dimensions: neuroticism, extroversion, openness, agreeableness, and




conscientiousness. The short form (NEO-FFI) was administered, which contains 60 items that
are traditionally rated on a 5-point scale (1 = strongly disagree; 5 = strongly agree). Participants
were randomly assigned 2 of the 5 subtests via computer administration. Responses were made
on a continuous scale (slider) that ranged from 0 to 100 units to the third decimal point (0 =
strongly disagree; 100 = strongly agree). Internal consistency values ranging from .86 to .92 have
been reported for the short form. Evidence of adequate content, construct, and criterion-related
validity has been reported in Costa & McCrae (1992).

Procedure

Participants took part in either two 1 % hour group testing sessions or a single 3 'z hour
group testing session. Sample sizes ranged from 10 to 25 participants per session. Various newly
developed mental flexibility and validation measures were administered via paper-and-pencil and
computer administration. Data were collected in sessions that varied the order of test
administration and the specific validation measures administered. Research designs are
illustrated in Tables 3a, 3b and 3c.
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Table 3

Administration Designs

Scheme 1
Session Tests /Test order Medium | Content Purpose
GPA-questionnaire - PC, high school GPA; first- year | criterion, success from high
P&P college GPA school to college
Divergent calculus BIS- P&P divergent thinking, numerical | reference
DR
Memory PC memory span, all domains, potential covariate for
recognition and recall Flexible Mapping test —
sequential mode
Flexible Toothpick test P&P adaptive flexibility, figural reference
Mapping (FKit-TP)
Session Drawings completion P&P divergent<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>